The white-lipped peccary (Tayassu pecari) is a neotropical ungulate that forms some of the largest groups living in dense tropical forest. Populations of this species have declined throughout Mesoamerica during the last 50 years at alarming rates. Home-range and habitat preferences of this species have been documented in Brazil and Costa Rica for humid tropical forest. Here we studied home-range features and habitat preferences of white-lipped peccaries for a seasonally dry tropical forest of the Yucatan Peninsula-the Calakmul Biosphere Reserve-where water and food can be temporarily scarce or even absent. By using radiotelemetry and direct observations for 18 months of individuals in 4 groups, we documented some of the largest home ranges reported for some of the smallest group sizes documented for this species. Dry-season home ranges were constrained to the close vicinity of a few available water sources, whereas during the rainy season peccary groups were more mobile and traversed long distances. Compositional analyses of habitat preferences indicated that groups preferred ponds and Medium Sub-Perennial Forest in combination with Low Flooded Forest, whereas the least preferred was the Dry Forest. Apparently, the combination of ranging over large areas to access widely dispersed resources while living in smaller groups and sharing space allows white-lipped peccaries to survive in Calakmul.
Selection of home-range area, habitat types, and resources are key decisions that enable animals to survive. Johnson (1980) described 4 orders of habitat selection that go from the selection of the geographic area (1st order), selection of a home-range area (2nd order), selection of habitat types within the home range (3rd order), to selection of resources inside habitat types (4th order). For social species that move in groups across the landscape these levels of selection are even more interesting because additional factors such as group size, group leadership, and the cumulative knowledge of the local environment by individuals within the group are involved (Boinski and Garber 2000; Chapman and Chapman 2000) .
The white-lipped peccary (Tayassu pecari) is a social ungulate that forms the largest cohesive groups of any mammal living in dense tropical forest. Groups of up to 300 individuals are common in the Amazon forest (Fragoso 2004; Kiltie and Terborgh 1983; Sowls 1997) , and there are reports of 700-1,000 individuals present in a single group (Mayer and Wetzel 1987) . White-lipped peccaries perform large-scale movements across the landscape in search of food and water (Altrichter et al. 2002; Carrillo et al. 2002; Fragoso 1999; Keuroghlian et al. 2004) . Moreover, home ranges of whitelipped peccaries appear larger in continuous forest habitats than in fragmented forests (Fragoso 1998; Keuroghlian et al. 2004) .
Almost 50 years ago Leopold (1959) noted that white-lipped peccaries were among the 1st mammals to disappear from tropical forests in Mexico and Central America when habitats became disturbed and fragmented. Since that time and especially during the last 20 years as more and more tropical forest has been converted for human use (Martinez and Galindo-Leal 2002) , white-lipped peccaries have disappeared from most of their distributional range in this region (Taber et al. 2008 ).
The Calakmul Biosphere Reserve (CBR) encompasses the largest block of intact tropical forest habitat in Mexico, and is also one of few remaining areas where white-lipped peccaries persist in the northern portion of their historic range. CBR is a seasonally dry tropical forest, which represents a more xeric type of forest condition than other areas where this species has previously been studied. In this study, we examined annual and seasonal movements of 4 groups of white-lipped peccaries in the CBR to estimate home-range extent and to evaluate resource selection by the species within seasonally dry tropical forest habitats. No previous research effort has examined the details of movement and resource use by free-ranging whitelipped peccaries anywhere in Mexico, and a key goal of the study was to obtain insight into the ecological strategies used by this highly mobile, social ungulate to survive in a resourcelimited area such as the tropical forest at CBR. Our analyses of movements therefore incorporated additional information such as group size, range overlap among groups, and availability of food and water in the areas used by each group. Together these data provide critically important information on the habitat requirements for white-lipped peccaries in one of the few areas where this endangered species remains extant at the northern limit of its range in Mexico.
MATERIALS AND METHODS
Study area.-The study area is located in the vicinity of latitude 18u079210N and longitude 89u489560W, and lies in the heart of the southern area of the 7,238-km 2 CBR in the Mexican state of Campeche (Fig. 1) . CBR was established in 1989 and represents the largest protected tropical forest in Mexico. CBR is part of the Great Calakmul Region (GalindoLeal 1999) that includes the Maya Biosphere Reserve in Guatemala and the Rio Bravo-Dos-Milpas conservation area in Belize. CBR is divided into 2 core areas with mitigation areas around them. CBR is bordered on the west, north, and east sides by .100 human communities, called ejidos, with a total population of around 35,000 people (Instituto Nacional de Estadística Geografia e Informática 2005). CBR is divided east-west by a highway along a wide swath of cut forest that likely limits animal movement, including dispersal. The southern area of the CBR directly abuts the Maya Biosphere Reserve in Guatemala where tropical forest habitat is continuous without significant fragmentation. According to Köppen (modified by García 1988 ) the Calakmul climate is warm and subhumid with a mean annual temperature of 24.6uC. There is seasonal rainfall, mainly in summer and early fall (mainly from June to September, but that extends until November), with an annual average of 1,076.2 mm. Most of the rainfall percolates through the limestone, but some drains on the surface and is stored in ponds. These ponds constitute the only source of water for wildlife during the dry season from December to May. Of the different forest associations in the CBR (Pennington and Sarukhan 1998) The area has been isolated since the Mayans abandoned it more than 1,100 years ago, and only some chicle tappers, jaguar hunters, and archeological looters visited occasionally during the middle of the 20th century. Since 1989, hunting has not been permitted in CBR, and human activities in the area during the period of the study were limited to visits by tourists and research by scientists at the Calakmul archeological site.
Capture of peccaries.-Capture of white-lipped peccaries for the study took place at a pond near the Calakmul archeological site. We captured and radiocollared individuals from 4 groups of white-lipped peccaries visiting this pond between March and August 2005. In total, 17 white-lipped peccaries were captured by chemical immobilization with ketamine (7.7 mg/kg) and xylazine hydrochloride (4.3 mg/kg) delivered by dart rifle (Dan-Inject Inc., Knoxville, Tennessee, and Telinject Inc., Santa Clarita, California) from a concealed position adjacent to the pond. All animals were captured and treated according to methods that met guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) and were approved by University of Florida Institutional Animal Care and Use Committee permit D594. We weighed and determined the age and sex of each individual captured, and recorded standard morphometric measurements. We fitted all 17 individuals with white radiocollars weighing 400 g (Telonics Model 400; Telonics Inc., Mesa, Arizona). Animals recovered from immobilizations within 1-3 h, after which they usually rejoined their original group 1-5 days after capture. The animals captured were members of 4 different groups that visited the pond.
Radiotelemetry.-White-lipped peccaries show strong group cohesiveness, therefore we radiocollared a limited number of individuals (2 or 3) from each group. After capture we intended to locate each radiocollared animal a minimum of twice a month using a 2-element H-antenna and portable receivers. Because the study area was relatively flat and groups of white-lipped peccaries ranged over extensive areas, we used the 2 highest Mayan temples located in the Calakmul archeological site as the main points to obtain azimuths for plotting positions for the groups; we then searched for, located, and followed the groups at close range (20-40 m) for as long as possible (from 2 h to a maximum of 6 h per day). When animals traveled farther than 9 km from the temples, we searched for them from a network of transects, high hills, and large trees located as far as 15 km from the Mayan temples to document seasonal ranging areas of 3 of the 4 groups. On 2 occasions we used airplanes to locate groups.
Home-range data collection.-Animal movements and locations were collected during the 18-month study period. Once a group was located and approached on foot, the position of the group was recorded every 15 min with a handheld global positioning system device (Garmin Ltd., Olathe, Kansas). The groups were identified as Red, Blue, Green, and Yellow. We also recorded group cohesiveness by recording group spread, food habits, and other social behaviors whenever the vegetation allowed good views of the animals. When groups 1st became aware of our presence they typically ran approximately 100 m and stopped. On occasions when a group was disturbed twice in 1 day, we departed the area and returned another day, and only the 1st location for the group was used for analyses of home ranges. After approximately 2 months of tracking and observations, 3 of the groups tolerated our presence without running. For these groups we were able to approach to within 20-40 m for observation. Using the homing method we collected 70% (480) of the home-range fixes as global positioning system points; the remaining 30% (198) were obtained through radiotelemetry triangulation.
Habitat-use data collection.-To estimate habitat preferences for each group, we recorded the forest type where the group was 1st observed visually, and where the group was located at 15-min intervals thereafter while observers were in contact with the group. Availability of each forest type in the study area and within the home range of individual animals was estimated using a supervised classification of a satellite image (2000) using ERDAS Imagine 8.7 and ArcView 3.3 (ESRI, Redlands, California). We used coordinates of the most typical forest types we encountered during fieldwork as verification points for the classification.
Availability of food and water. we surveyed 20 km of transects. Six transects were plotted randomly on the area, whereas 4 were portions of paths used to access areas where the groups of peccaries were located. These 4 transects were placed along the paths without favoring any habitat type. We used the index of Altrichter et al. (2001) to estimate availability of fruit inside a 2-m-wide strip along each transect. Once a fruit item was found, we located the source tree and counted all the ripened fruits within two 1-m 2 quadrats randomly positioned under the tree. We averaged the counts for each source tree and then calculated an overall average for all source trees for each kilometer walked. This resultant mean value was used as an index of the abundance of fruit for peccaries. We also recorded forest type (Medium, Flooded, or Dry) where fruits and source trees were present. We corrected for differences in distances walked among months by calculating an average index of fruit abundance per km walked. We also collected information on presence or absence of earthworms and other invertebrates under the leaf litter in the 3 forest types (Medium, Flooded, and Dry) by sampling three 5-m 2 plots in each habitat monthly. We did this only for the last dry season and rainy season after we had learned that these types of invertebrates were an important source of food for white-lipped peccaries. Finally, we kept monthly records on the presence of water in the flooded forest, in all of the known ponds, as well as in some stony outcrops, named locally as sartenejas, that naturally collect and store water. During the course of the study we learned that peccaries regularly visited these sartenejas, and that sartenejas were very important sources of water for peccaries during the dry season. Monthly precipitation figures were obtained from the closest weather station 40 km north of the archeological site (Comision Nacional del Agua, Servicio Meteorológico Nacional, Mexico 2007).
Analysis of home-range data.-Home-range sizes were estimated for each group by the fixed-kernel and the minimum convex polygon (MCP) methods (Kernohan et al. 2001) . Fixed-kernel estimates performed better with less bias than adaptive-kernel estimates (Seaman and Powell 1996) . However, when the fixed-kernel method was estimated using all locations for each group (smoothing parameter estimated by least-square cross validation), we found that home ranges were highly skewed toward areas with dense clusters of locations (close to the pond and more accessible areas), compared to areas where relatively few locations were observed. Consequently, we used a randomization procedure to reduce the number of locations in the heavily sampled areas to equal monthly sample size, and 95% and 50% estimates of fixedkernel home ranges were obtained in ArcView 3.3 using the Animal Movement Analyst Extension (Hooge and Eichenlaub 1997) . The smoothing parameter (h) obtained by the leastsquare cross validation method for the reduced data set for each group was subsequently used to estimate seasonal home ranges. Because of this differential spatial sampling effort and to facilitate comparisons with other studies, we further estimated home ranges for the groups of peccaries by the MCP method using 100% of the locations. This method allowed us to represent all areas used by peccaries in the study area (Kernohan et al. 2001) .
Seasonal home ranges were estimated for both the dry and rainy seasons in 2005 for all 4 groups of peccaries. During 2006, sufficient data were available for evaluating seasonal movements by the Blue group in both the dry season and the rainy season, and for the rainy season for the Red group. The degree of home-range overlap was calculated for the dry and rainy seasons of 2005, when seasonal home ranges of the 4 groups were available as percentage of area shared by 2 groups, using the 95% fixed-kernel home-range estimates. We compared home-range size during the dry and wet seasons for each group with a Student's t-test for paired means. Because the reduced data set included relatively few observations per month (fixed-kernel), we assumed minimal bias from autocorrelation. Moreover, examination of our data indicated that white-lipped peccaries can travel up to 3 km/h and groups of peccaries can traverse their home range in 24 h, which is considered a rough measure to define independence of locations (Rooney et al. 1998) .
Analysis of habitat use.-We used compositional analysis (Aebischer et al. 1993 ) to contrast habitat use versus habitat availability. Compositional analysis uses the individual as the experimental unit. Because of the high cohesion in whitelipped peccary groups, we pooled data for individuals of the same group, and used the group as the experimental unit. In this method, estimates of use and availability are derived from individual (here, group) home ranges. Compositional analysis accounts for situations where habitats that are highly avoided leads to apparent selection of other habitat types (Aebischer et al. 1993) . Additionally, it provides ranks of selection (analogous to the ranking method of Johnson [1980] ), and the differences between habitats can be tested by a Student's ttest with the null hypothesis of no preference.
To test for 2nd-order habitat selection for groups of peccaries, habitat availability in compositional analysis was estimated by contrasting the availability of habitats in the study area (defined as the 30 3 30-km area that encompassed the 4 home ranges and intermediate areas where the protection status and the forest types were similar to those of the home ranges) versus that of the 95% and the 50% fixed-kernel (core areas) estimates for each group.
To evaluate 3rd-order habitat selection we contrasted forest type composition within the 100% MCP home-range area of each group with the percentage of observations of each group in each forest type. We used 100% MCP home-range areas in this analysis to include all areas each group of peccaries visited, including areas that were used infrequently. Therefore, the actual use of forest types inside this polygon would be an estimation of a group's preference for the different forest types (Aebischer et al. 1993; Kernohan et al. 2001) .
Finally, to confirm results, the proportional forest type composition for the entire study area was tested against group preferences using the program HABUSE (Byers et al. 1984; Neu et al. 1974 ) with chi-square analyses and Bonferroni adjustments to test selection within individual forest types. We also ranked preferences using the ranking method of Johnson (1980) , which contrasts the ranks of preferences and availability of the different habitat types. All statistical analyses were performed to the 0.05 confidence level either in Microsoft Excel-XP (Microsoft Corp., Redmond, Washington) or SPSS (SPSS Inc. 1997) .
RESULTS
Home range.-During the 18-month period of the study we encountered white-lipped peccaries on 203 days and monitored the movements of 4 different groups from 10 to 17 months. Radiocollared animals remained in their respective groups despite times when the 4 groups were within 10 m of each other. We did not observe mixing of individuals among groups and there were only 2 occasions when we sighted solitary individuals that could not be unambiguously assigned to a group. Consequently, we used the radiomarked animals as a true indicator of the movements and habitat preferences of each group. The Blue group included 25 animals and was tracked over 17 months (214 localizations) with the exception of January 2006. The Green group included 20 animals and was followed for 12 continuous months (137 localizations) until February 2006. The Red group was the largest with 31 animals, and it was followed for 11 continuous months from March 2005 to January 2006. In January 2006 the Red group moved out of the study area for 5 months before returning to the area 2 months before the end of field research (286 total localizations). The Yellow group included 25 animals and was followed for 7 months during a 10-month period (41 localizations). Because of the variable periods over which individual groups were followed, we considered annual estimates of home range to be represented well only for the Blue and Green groups. Data for the Red and Yellow groups were considered seasonal and provided partial estimates of their annual home-range movements (Table 1) .
In accordance with Seaman and Powell (1996) and Seaman et al. (1999) , we considered the 95% fixed-kernel estimates to best represent the home range of the groups of peccaries we tracked (Fig. 2) . According to this method, the Blue group had the largest home range followed by the Green group (Table 1) . Based on MCP estimates, the Green group used the largest area, which was 5 times larger than the home range of the Yellow group (Table 1; Fig. 2 ). The smoothing parameter obtained for each group in the 95% fixed-kernel analyses was similar among the groups; therefore, this estimate was used for subsequent analyses of seasonal and monthly home ranges.
The MCP home-range estimates did not reach an asymptote for any of the groups, except perhaps for the Blue group (Fig. 3) . Thus, all groups except the Blue group were moving into new areas, as was illustrated in the beginning of the dry season in 2006 when the Calakmul pond dried up and the Red and Green groups entered new areas after maintaining relatively stable home ranges for 10 months. Only the Blue group showed an annual pattern of seasonal movements by visiting the Calakmul pond during the 2 dry seasons and then traveling 17 km northward during the peaks of the 2 rainy seasons. In 2005, all 4 groups increased their home-range movements substantially during the rainy season, for example, a 3-fold increase for the Blue group (Table 2) . For all groups, sizes of home ranges were significantly different between the dry and rainy seasons (Student's t-test for paired means; t 5 3.05, d.f. 5 3, P 5 0.02).
Groups Habitat use.-Compositional analyses of 2nd-order habitat selection revealed no preferences among the forest types (Table 4a ). However, when contrasting the study area by 50% fixed-kernel core activity areas, we found a significant preference for ponds and Flooded forest, and avoidance of Dry forest (Table 4b) .
Compositional analysis for 3rd-order selection (MCP home ranges versus group localizations) revealed that all groups preferred ponds and Medium forest and avoided the Dry forest inside their home-range areas (Table 5a ). We performed an additional analysis after removing observations at ponds; this analysis showed again that for all groups the most preferred habitat type was Medium forest and the least was the Dry forest. Flooded forest also was very important for the 4 groups, particularly the Green group (Table 5b) .
We ran compositional analysis for the dry (4 groups) and rainy (only Red and Green groups) seasons 2005 separately, and found, not surprisingly, that ponds were the preferred habitat type in both seasons. However, in the dry season peccaries also selected Medium forest and avoided Flooded and Dry forest entirely (Table 6a ). In the rainy season, selection of Flooded forest outranked that of Medium forest (Table 6b) for the Red and Green groups; there were 
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REYNA-HURTADO ET AL.-HOME RANGE OF WHITE-LIPPED PECCARIESinsufficient data to include the Blue and Yellow groups in this analysis. Finally, to confirm results from the compositional analysis, we contrasted the group localizations with the MCP estimates for each group, and all the observations combined versus the proportions of habitat types for the whole area using 2 methods: Neu chi-square analyses (Byers et al. 1984 ) and the ranking method of Johnson (1980) . In general, this analysis confirmed strong selection of ponds and Medium forest with the Dry forest being the least-preferred habitat type (Table 7) .
Food and water availability.-We found ripe fruit of 54 plant species along the transects within the study, and availability of these food items varied seasonally. Four species (Brosimum alicastrum, Manilkara zapota, Talisia olivaeformis, and Cordia dodecandra) accounted for the majority (73.6%) of the fruits on the forest floor. B. alicastrum and M. zapota accounted for 48.15% and 18.37%, respectively, and have been found to be heavily consumed by white-lipped peccaries in the Calakmul region (Pérez-Cortéz and Reyna-Hurtado 2008) and elsewhere (Beck 2006) . During the study, B. alicastrum fruited early in the rainy season and M. zapota fruited in both seasons with a peak in the dry season (February to May). Fruit of T olivaeformis was present in large amounts only in May, and C. dodecandra produced small quantities of fruit in May-June (Fig. 5) . Spatial distribution of fruiting species also varied among forest types. We found B. alicastrum mainly in the Medium forest (83%), whereas M. zapota was abundant in several forest types but especially in the Dry forest (56%).
Earthworms were found in the rainy season only, and mainly in Flooded forest (68%). We observed white-lipped peccaries spending extended periods of time during the rainy season rooting under leaves in the Flooded forest searching for and eating earthworms. We also found that during the dry season white-lipped peccaries fed on a species of eel fish (Ophisternon aenigmaticum, family Synbranchidae) that inhabited the mud around the margin of Calakmul pond.
Water was available during the dry season of 2005 only at Calakmul pond. Water was available in other ponds, in Flooded forest habitat, and in sartenejas only after late June in 2005. Water was widely available until November in 2005, when the flooded forest and the ponds dried up. By JanuaryFebruary 2006, all ponds in the study area were completely dry, including Calakmul pond, which had not been dry for at least 18 years (Calakmul archeological site guards, pers. comm.). During this period the only water in the study area was in a few sartenejas. On several occasions we observed the Blue group moving straight-line distances up to 4 km to locate water in sartenejas. The last 2 weeks of April and the first 2 weeks of May 2006 were very dry and even the sartenejas lacked water. The rainy season began in late May in 2006 (Fig. 6) .
DISCUSSION
Home range.-Group home ranges for the peccaries in this study continuously increased throughout the study period, figure) and rainy (lower figure) seasons for 4 groups of whitelipped peccaries (Tayassu pecari) in Calakmul Biosphere Reserve, Campeche, Mexico.
suggesting that multiple years of data on movements are needed to accurately evaluate home-range use by peccaries occupying seasonally dry tropical forests of the Yucatan Peninsula in Mexico. Water sources in this region are seasonal and likely represent the dominant environmental factor contributing to nomadic movements of white-lipped peccaries in this area. Fragoso (1998) found that 1 of 2 radiocollared groups of peccaries visited the same pond on a regular basis over 2 seasons, a pattern that was observed for the Blue group in this study. Notably, however, the other 3 groups of peccaries we tracked did not follow a regular pattern and their movements were unpredictable, probably as a consequence of the limited availability of water in and around the CBR. Movements by the Red group did not follow an annual pattern. The animals in this group left the study area after some time and moved into an area where their movements could not be documented. In other areas where movements of white-lipped peccaries have been studied, evidence suggests that some groups of peccaries may take several years to return to previously visited areas (e.g., the Siono-Secoya area in Ecuador [Vickers 1991 ] and the Yuqui area in Bolivia [Stearman 1992] ).
White-lipped peccaries at CBR occurred in groups that never exceeded 31 individuals, and they moved over very large home ranges (Table 1) . The only other studies reporting similar or larger home ranges were in areas where whitelipped peccaries lived in very large groups at Maraca Island, Roraima, Brazil (109 and 200 km 2 for groups of 124-134 and .200 individuals, respectively -Fragoso 1998 -Fragoso , 2004 , and by groups living in a mosaic of open and closed habitats in the Cerrado ecosystem in Goias State, Brazil (288, 137, and 114 km 2 for groups of 65, 75, and 45 individuals, respectively-Almeida-Jácomo 2004). Home-range estimates for whitelipped peccaries from closed habitats elsewhere in the range of the species were smaller than our estimates, for example, 21.8 km 2 for a 39-member herd in Maraca Island, Roraima, Brazil (Fragoso 1998); 37.2 km 2 for a 40-to 70-member herd in Corcovado National Park, Costa Rica ; 18.71 km 2 for a 42-member herd in the Atlantic Forest region of Brazil (Keuroghlian et al. 2004) , and between 14.3 and 84.8 km 2 for other groups ranging from 15 to 130 animals per group in the Cerrado ecosystem in Goias State, Brazil (Almeida-Jácomo 2004) . This comparison leads us to conclude that Calakmul groups are living in comparatively smaller groups and moving over larger home ranges than in other areas.
Groups of white-lipped peccaries in CBR substantially increased their home ranges when the rainy season arrived, suggesting that water availability was more important for determining movements than food availability. In other studies, availability of food appeared to be the main driver for movements by white-lipped peccaries. In Corcovado National Park, Costa Rica, Carrillo et al. (2002) found that the home ranges of peccaries were smaller during the JuneSeptember period, which encompassed the majority of the rainy season, due to an increased abundance of fruits. Similarly, in the Atlantic Forest area of Brazil, Keuroghlian et al. (2004) reported that the seasonal movements of white- lipped peccaries were apparently driven by availability of key fruits.
The larger home ranges and the smaller groups sizes reported in this study can be interpreted as a strategy in response to seasonal droughts in a landscape characterized by a limited number of quasipermanent water sources. Additionally, the increase in home-range size demonstrates that this species has the ability to perform movements at the landscape scale as predicted by Fragoso (1999) . This ability appears to be matched with some kind of spatial memory that allows them to locate specific landmarks such as ponds or sartenejas in this large and relatively featureless landscape, as was recently observed for African elephants (Foley et al. 2008) .
Habitat use.-White-lipped peccaries in the CBR used areas with water for drinking, wallowing, and foraging, and the availability of water greatly influenced their patterns of habitat use. Several previous studies also have observed this relationship for peccaries (Fragoso 1998; Sowls 1997) . White-lipped peccaries visited ponds daily except when there was water in the Flooded forest, at which time the groups preferred this habitat type. During dry periods the groups preferred patches of Medium forest. The Dry forest, although very abundant in the area, was used only for traveling between patches of preferred forest or ponds. Examination of our data suggests that the ideal habitat composition for this species in CBR would be Medium forest patches intermixed with Flooded forest and permanent ponds. Large, contiguous blocks of only Medium and only Flooded forests found within the home ranges of peccaries were used sparingly.
Use of Flooded forest habitat was highlighted in the analysis of 2nd-order selection when using the 50% fixed-kernel core home ranges, and for the rainy season in the 3rd-order selection analysis. The Medium forest was selected year-round and by all 4 groups. These results clearly matched the food habits of this species. We observed white-lipped peccaries to use the Medium forest mainly to find fruits (B. alicastrum, M. zapota, T. olivaeformis, and C. dodecandra) and to rest during midday. The Flooded forest habitats provided access to abundant earthworms during the rainy season and wallowing sites on mud patches. Fragoso (1998) found that white-lipped peccaries depend more on palm (Mauritia flexuosa) wetlands than expected but did not observe seasonal variation in habitat use. This difference could be due to the absence of larger palms in CBR and to the less-marked seasonality of his Amazon forest study area that provided year-round availability of food and water. Other studies have reported a close relationship between habitat use and fruit availability (Altrichter et al. 2001) , and that groups moved among forest types tracking fruit abundance Keuroghlian et al. 2004 ). Ponds were visited by peccaries year-round, but especially during the dry season. In addition to water and mud, ponds also provided herbs at the edges and eel fish and invertebrates in the soft mud. On several occasions we observed peccaries moving in a single day between the Medium forest, where they ate B. alicastrum, to the Flooded forest where they searched for earthworms and took mud baths. Similarly, Bodmer (1990) reported that white-lipped peccaries moved in and out of flooded forest in response to seasonal flooding in the Peruvian Amazon basin. Keuroghlian and Eaton (2008) found that groups of white-lipped peccaries preferred aquatic and riparian habitats in the Atlantic Forest of Brazil both for feeding and as travel corridors. These observations suggest that the amount of Medium forest patches intermixed with Flooded forest and the number of ponds or sartenejas can influence both ecological density and group size in the CBR area.
This study demonstrated that white-lipped peccaries will undertake long-distance movements to locate preferred types of forest habitats and sources of water at the landscape scale. Peccaries were able to persist in a semidry tropical forest landscape at the northern limit of their range by increasing their movements, decreasing group size, and taking advantage of many sources of fruits and other foods such as earthworms, eel fish, and herbaceous vegetation.
Conservation implications.-White-lipped peccaries in the CBR area live in small groups and range over larger areas than in other, more humid forests within the range of the species (Reyna-Hurtado 2007) . Thus, to sustain viable populations of white-lipped peccaries in this region it will be necessary to conserve relatively large areas of intact tropical forest. The CBR and the surrounding forests in Guatemala and Belize form the largest contiguous area of suitable tropic forest habitat available for the white-lipped peccaries. Nevertheless, hunting occurs outside CBR, and previous research indicates that populations of white-lipped peccaries near human settlements are at risk (Escamilla et al. 2000; Reyna-Hurtado and Tanner 2007; Weber 2000; Weber et al. 2006) . Examination of our data suggests that conservation actions for the species in the CBR area will need to include protection against hunting, restrictions on road development to avoid habitat fragmentation, assuring availability of ponds or other sources of water, and the maintenance of a landscape composed of interspersed Medium and Flooded forests. Most importantly, maintaining a self-sustaining population of whitelipped peccaries in southern Mexico and Central America will require continued international cooperation to maintain the integrity of the Maya tropical forest extending from southern Mexico into Guatemala and Belize. (Neu et al. 1974 ) and the ranking method of Johnson (1980) for individual groups and all groups combined. Negative values in the method of Johnson (1980) 
RESUMEN
El pecarí labiado (Tayassu pecari) es un ungulado Neotropical que forma uno de los grupos más grandes de animales que viven en bosques tropicales. Durante los últimos 50 años las poblaciones de esta especie han disminuido considerablemente en Mesoamérica. Las áreas de actividad han sido estudiadas previamente en Brasil y Costa Rica. En este trabajo estudiamos las áreas de actividad y las preferencias de hábitat de esta especie en el bosque tropical semi-seco de la Península de Yucatán, México-Reserva de la Biosfera de Calakmul-donde el agua y los alimentos son temporalmente escasos ó inclusive ausentes. Usando radiotelemetría y observaciones directas por 18 meses en individuos que pertenecían a 4 grupos documentamos uno de las áreas de actividad más grandes en los grupos más pequeños reportados para esta especie. El ámbito hogareño durante la época seca estuvo limitado a las pocas fuentes de agua disponibles y la época lluviosa permitió a los grupos ser mucho más móviles y desplazarse largas distancias. Análisis de composiciones de las preferencias de hábitat mostraron que los grupos prefieren cuerpos de agua, el bosque mediano subhúmedo y el bosque bajo inundable mientras que el menos preferido fue el bosque seco. Aparentemente la capacidad de moverse y compartir áreas grandes para acceder recursos muy dispersos y vivir en grupos pequeños ha permitido al pecarí labiado subsistir en un bosque sub-óptimo para la especie como el de Calakmul.
